During recent years chromium plating has come into extensive use in spite of the fact that it is very difficult to deposit chromium in recesses of irregularly shaped articles. General principles show that in the chromic acid baths used for plating there is little hope of radically improving the "throwing power."
The published researches on the behavior of the chromic acid baths now used for chromium plating show that there is little hope of making radical improvements in their throwing power. It was believed however that a systematic study of all the factors involved would probably permit the selection of conditions which would at least yield somewhat more uniform metal distribution than is commonly obtained. As will be shown, this prediction has been justified. II . HISTORICAL Although many papers have been published upon chromium plating, in some of which the throwing power is referred to or discussed, very few specific researches have been published on this subject.
H. E. Haring and W. P. Barrows 2 reported no actual measurements of throwing power, but from a consideration of the factors involved, they concluded that "it is doubtful whether the throwing power of the chromic acid plating bath can be decidedly improved by the necessarily limited changes which can be made in its composition." They then predicted that the most favorable conditions for good throwing power would be (1) a relatively low concentration of chromic acid; (2) relatively high temperature and current density; (3) deposition on a metal of high hydrogen overvoltage, such as copper; (4) closing the circuit by the introduction of the cathode; and (5) using a reverse current on iron or steel for a few minutes. It In consequence, the conditions employed for chromium plating, at least for ornamental purposes, are fixed almost entirely by the "plating range" of bright deposits, and throwing power as above defined is generally a secondary factor.
The chief concern usually is to produce a bright chromium coatingover the entire surface to be plated, regardless of the relative thickness in the depressions. To a large degree this course is warranted when the coatings are primarily for appearance.
The range of temperature and current density within which bright deposits are obtainable can be determined experimentally for any solution, and plotted as shown in Figure 3 ( not more than 3 to 1. This can be accomplished (or As shown in Figure 5 2.5 MOL. Cr0 3 CP= 0.
-it 1 • I.N. 1. TEMPERATURE AND CURRENT DENSITY Table 2 shows clearly that raising the current density at a fixed temperature increases the throwing power; while an elevation in temperature at a fixed current density decreases the throwing power.
The best throwing power in the range of bright deposits is obtained, however, at relatively high temperatures and current densities. The reason for this is evident from Figure 6 , in which it is shown that as the temperature is increased, the cathode efficiencies become more uniform within the range of bright deposits.
As the temperature of the bath is raised its conductivity is increased, and hence the voltage required to produce a given current density is decreased.
But to produce bright deposits at the higher temperature the current density must be raised more than in proportion to the increase in conductivity. Table 2 shows that as the concentration of chromic acid is raised while the ratio of chromic acid to sulphate is kept constant, the throwing power for given conditions decreases. This is because in every case, as shown in Figure 6 , the cathode efficiencies are higher and more uniform in the more dilute solutions. When the maximum throwing power for a given current density is desired, a relatively dilute solution is advantageous/ As, however, the less concentrated solution has a lower conductivity, a higher voltage is needed to produce a given current density. The data in Table 7 show that the cathode efficiency and throwing power are also affected by the composition of the base metal. The throwing power on steel and brass is slightly better than on copper and nickel. The differences are due almost entirely to the cathode efficiencies at the low current densities. While these differences in throwing power are not great, they are sufficiently definite to affect also the covering power to be discussed in the next section. 9. Small concentrations of trivalent chromium have no effect. Large concentrations slightly improve the throwing power, making it equal to that in a more dilute solution. As the trivalent chromium reduces the conductivity and the plating range, it is not a desirable constituent.
10. Iron has almost exactly the same effects on throwing power as trivalent chromium, but has a greater detrimental effect on the conductivity and plating range.
11. The throwing power is much better on highly polished than on dull metal.
On sand-blasted metal it is very poor.
12. The throwing power is slightly better on steel and brass than on copper and nickel.
13. The covering power as determined with a bent cathode is practically parallel to the measured throwing power.
14. The best throwing power (-13 
